Introduction {#s1}
============

Interferon-lambda 3 (IFNL3), also termed interleukin (IL)-28B, is encoded by the innate immunity gene on chromosome 19 and is a member of the type III interferons. Genome-wide association studies (GWAS) and subsequent validation studies conducted by several groups around the world have reported that single nucleotide polymorphisms (SNPs) around this gene are strongly associated with both hepatitis C virus (HCV) spontaneous clearance and treatment-response to pegylated-interferon and ribavirin combination therapy. Like other type III interferons, such as IL-29 and IL-28A, IL-28B exhibits a strong antiviral function and induces interferon-stimulated genes.[@b1],[@b2] The SNP designated rs12979860 is located 3 kilobases upstream of the IL-28B gene.[@b3],[@b4] The rs12979860 locus can be occupied by either the nucleotide cytosine (C) or thymine (T). HCV infected people with C at location rs12979860 in both alleles of the IL-28B gene (the IL-28B CC genotype*)* are more likely to have a favorable outcome than those born with T at this location in one (the CT genotype) or both of their alleles (the TT genotype).

Chronically HCV infected individuals often develop severe liver inflammation and fibrosis, leading to an increased risk of liver cirrhosis and hepatocellular carcinoma (HCC) if left untreated. The likelihood of developing cirrhosis and decompensation of liver disease is augmented in the presence of various risk factors, such as older age, male gender, diabetes mellitus, alcohol abuse, and co-infection with human immunodeficiency virus (HIV) or hepatitis B virus (HBV). Among these, diabetes is an important and an independent prognostic factor of major liver outcomes in patients with HCV.[@b5] Moreover, if chronic hepatitis C patients develop new onset diabetes mellitus, then the incidence of cirrhosis and decompensation has been shown to increase over time.[@b6]

The overall incidence of diabetes in patients with HCV is increasing. It is possible that HCV infection promotes insulin resistance, but the mechanisms are not fully understood. It was previously shown that viral eradication improved insulin sensitivity in patients with chronic hepatitis C.[@b7] More recently, it was shown that IL-28B gene polymorphisms were associated with the development of type 2 diabetes, hyperlipidemia, and hepatic steatosis in hepatitis C infected transplant recipients.[@b8],[@b9] Thus, a mechanistic association between IL-28B unfavorable genotypes and insulin resistance is possible; and if such a link is present, then IL-28B genotype information may improve the ability to counsel patients regarding their individualized risk of diabetes, diabetes-related complications, and increased risk of cirrhosis and decompensation. However, there is scarce data available in the literature on this important association.[@b10]

In the present study we aimed to determine the relationship between IL-28B rs12979860 C/T gene polymorphism with overt diabetes mellitus and other nontreatment related clinical parameters in HCV patients. Although other SNPs in the IL-28B gene were identified previously (such as rs8099917 and rs12980275), here, we refer to the IL-28B rs12979860 C/T gene polymorphism as IL-28B.

Patients and methods {#s2}
====================

Study population {#s2-1}
----------------

In this retrospective analysis, patients with HCV related chronic liver disease attending Sir Ganga Ram Hospital, New Delhi, from 2012 to 2014 were analyzed. Patients were included in the study only if: (1) they were aged above 14 years; (2) they had confirmed antiHCV positivity or had detectable HCV RNA viral load; (3) they were negative for HIV and hepatitis B surface antigen (HBsAg); and (4) they had IL-28B rs12979860 gene polymorphism data. The ethics committee approved the study and informed consent was obtained from each patient prior to inclusion.

Data collection and clinical evaluation {#s2-2}
---------------------------------------

Data from included patients were analyzed to obtain information on history, physical examination, complete blood count, fasting blood sugar, liver function test, renal function test, prothrombin time, international normalized ratio (INR), ultrasound abdomen, baseline HCV RNA by quantitative real-time polymerase chain reaction (PCR) assay (Cobas Taqmen 48, Roche, Basel, Switzerland), HCV genotype by real-time PCR assay, and upper gastrointestinal endoscopy, as indicated.

Patients were reviewed for comorbidities like diabetes mellitus, hypertension, chronic kidney disease, hypovitaminosis D, and hypothyroidism. Patients were also reviewed for risk factors of HCV acquisition, i.e., blood transfusion, surgery, needle stick injury, dental procedure, tattooing, acupuncture, unprotected intercourse with multiple sexual partners, and intravenous drug abuse. Patients with significant alcohol intake were defined as those who regularly consumed \> 40 g of alcohol per day for at least 10 years prior to presentation.

After complete evaluation of the HCV patients, they were categorized into one of two groups: chronic hepatitis and cirrhosis. Diagnosis of cirrhosis was made on the basis of clinical, biochemical, radiologic, endoscopic, or histologic findings. Severity of cirrhosis was graded based on the Child-Pugh classification.

IL-28B polymorphism {#s2-3}
-------------------

Genotyping for the IL-28B rs12979860 C/T in our patients was determined by restriction fragment length polymorphism (RFLP) from whole genomic DNA. The genomic DNA was isolated from whole blood using a commercial kit (Roche Diagnostics GmbH, Mannheim, Germany) as per the manufacturer's instruction. The isolated DNA was electrophoresed on 1% agarose gels for quality check and quantified using nanodrop for purity. The PCR was carried out using the following primer pairs: 5′-GCGGAAGGAGCAGTTGCGCT-3′ and 5′-GGGGCTTTGCTGGGGGAGTG-3′. Each reaction included 100-150 ng genomic DNA as template in a total volume of 25 μL having 1X PCR reaction buffer. Each forward and reverse primer was added to a final concentration 10 pmol/reaction. Taq DNA polymerase (Fermentas, Thermo Fisher Scientific, Boston, MA, USA ), 2 U/reaction, was used for DNA amplification, with 125 μmol each of deoxynucleotide triphosphates (dNTPs). The reaction mixture was subjected to PCR: initial denaturation at 94°C for 5 m, 35 cycles, including denaturation at 94°C for 30 s, annealing at 65°C for 30 s, and elongation at 72°C for 30 s, and final elongation at 72°C for 5 m using Veriti 96-well thermal cycler (Applied Biosystems, Carlsbad, CA, USA). For RFLP analysis, 10 μL of amplified product were digested with 5 U of Bst U1 restriction endonuclease (New England Biolabs, Ipswich, MA, USA) in a total volume of 20 μL at 60°C for overnight. The restriction digested DNA was electrophoresed on 3% agarose gel along with a 100 bp ladder and visualized by a gel doc unit (Biorad, Hercules, CA, USA). The digested fragment was 196 bp and 45 bp for CC genotype; 241 bp, 196 bp, and 45 bp for CT; and 241 bp for TT genotype.

Outcomes {#s2-4}
--------

The outcome of interest was overt diabetes mellitus. Diabetes mellitus was defined based on the patient's self-reported history of diabetes or use of diabetes-related medications, fasting glucose level (\> 126 mg/dL), or non-fasting glucose (\> 200 mg/dL).

Our predictor variable of interest was IL-28B rs12979860 genotype. We categorized this variable into two groups: IL-28B CC genotype (i.e., homozygous for allele CC) and IL-28b nonCC genotype (i.e., heterozygous CT or homozygous TT). The presence or absence of diabetes mellitus in HCV patients was compared in these IL-28B groups. Other parameters, both parameteric and nonparametric, for the risk of diabetes were also compared. We also examined whether IL-28B genotypes influenced other nontreatment related clinical parameters, like body mass index (BMI), liver enzymes, bilirubin, albumin, hemoglobin, total leukocyte count, platelets, baseline HCV RNA, end stage renal disease, significant alcohol intake, and stage of liver disease (chronic hepatitis or cirrhosis).

Statistical analysis {#s2-5}
--------------------

Continuous data are represented as median (range) and were compared using the Mann-Whitney U test. Categorical data are expressed as number and percentage and were compared using the Fisher's exact test or Chi square test. If multiple factors were found to predict significantly diabetes mellitus on univariate analysis, they were entered into multivariate analysis by binary logistic regression to determine independent factors predicting diabetes. Statistical analyses were performed using SPSS 17.0 (Chicago, IL, USA), where *p* \< 0.05 was considered statistically significant.

Results {#s3}
=======

Patients {#s3-1}
--------

A total of 799 HCV patients who were admitted during the study period were enrolled. After applying inclusion criteria, 115 patients were included in the study, and their data were analyzed.

Baseline characteristics {#s3-2}
------------------------

Baseline characteristics of study patients are shown in [Table 1](#t01){ref-type="table"}. The median age was 48 years (range 15-76), and 70% of our study population was male (80/115). The median BMI of the patients was 24.0 kg/m^2^ (range 15.0--38.5 kg/m^2^). Twenty-three percent (27/115) of patients gave history of alcohol abuse in cirrhogenic doses. End stage renal disease was present in 9% (10/115) of patients, cirrhosis was present in 63% (72/115) of patients, and chronic hepatitis was present in 37% (43/115) of patients. Liver biopsy was available in 31 patients; and in the remaining patients, the diagnosis of cirrhosis was made based on clinical, biochemical, radiologic, and/or endoscopic criteria. For HCV, genotype 3 was the most common genotype (67%), followed by genotype 1 (16%). The SNP for IL-28B rs12979860 was the CC type in 53% (61/115) of patients, and the nonCC genotype was present in the remaining 47% of patients (CT in 42% and TT in 5%). Overt diabetes mellitus was present in 22% (25/115) of patients.

###### Baseline characteristics of patients included in the study

  Parameter                                      Value
  ---------------------------------------------- --------------
  **Age (years)**                                48 (15-76)
  **Gender, % (n/n)**                            
   **Males**                                     70% (80/115)
   **Females**                                   30% (35/115)
  **BMI, kg/m**^2^                               24 (15-38)
  **Comorbidities, % (n/n)**                     
   **Diabetes**                                  22% (25/115)
   **Alcoholics**                                24% (27/115)
   **ESRD**                                      9% (10/115)
  **Liver status % (n/n)**                       
   **Chronic hepatitis**                         37% (43/115)
   **Cirrhosis**                                 63% (72/115)
  **HCV genotype, % (n/n)**                      
   **Genotype 3**                                67% (77/115)
   **Genotype 1**                                16% (18/115)
   **Genotype 4**                                8% (9/115)
   **Genotype 2**                                1% (1/115)
   **Genotype 3+4**                              1% (1/115)
   **Genotype 1+3**                              8% (9/115)
  **HCV RNA, % (n/n)**                           
   **High (\> 4 × 10^5^ IU/mL)**                 45% (52/115)
   **Low (615 to 4 × 10^5^ IU/mL)**              50% (58/115)
   **Undetectable or very low (\< 615 IU/mL)**   4% (4/115)
  **IL-28b, % (n/n)**                            
   **C/C**                                       53% (61/115)
   **C/T**                                       42% (48/115)
   **T/T**                                       5% (6/115)

ESRD, end-stage renal disease; HCV, hepatitis C virus

Association between IL-28B rs12979860 and various nontreatment related variables {#s3-3}
--------------------------------------------------------------------------------

The associations between IL-28B CC genotype and nonCC genotype with various parameters are shown in [Table 2](#t02){ref-type="table"}. Overall, 13% of patients with the CC genotype (favorable for sustained virological response (SVR)) had diabetes mellitus compared to 32% of nonCC genotype patients (*p \<* 0.001) ([Figure 1](#f01){ref-type="fig"}). There were no differences for other variables between the CC and non-CC genotype groups.

###### Comparison of IL-28B rs12979860 gene polymorphism and various nontreatment related characteristics

  Parameter                                     IL-28B CC genotype (n = 61)   IL-28B non-CC genotype (n = 54)
  --------------------------------------------- ----------------------------- ---------------------------------
  **Age (years)**                               48 (15-76)                    48 (23-75)
  **Gender, % (n/n)**                                                         
   **Males**                                    72% (44/61)                   67% (36/54)
   **Females**                                  28% (17/61)                   33% (18/54)
  **BMI, kg/m^2^**                              23 (15-38)                    24 (17-39)
  **Hemoglobin (g/dl)**                         12 (5-16)                     12 (8-17)
  **TLC (× 10^3^/cumm)**                        6.1 (6.3-14)                  5.9 (4.7-16.3)
  **Platelets (× 10^3^/cumm)**                  149 (33-360)                  125 (30-364)
  **Bilirubin (g/dl)**                          1.0 (0.4-7.2)                 1.1 (0.3-20.5)
  **AST (IU/L)**                                71 (17-293)                   82 (10-390)
  **ALT (IU/L)**                                59 (14-392)                   88 (12-393)
  **Albumin (g/dl)**                            3.8 (2.2-5.0)                 3.5 (1.9-5.0)
  **HCV RNA, % (n/n) High**                                                   
  **(\> 4 × 10^5^IU/mL) Low**                   48% (29/61)                   43% (23/54)
  **(615 to 4 × 10^5^IU/mL)**                   46% (28/61)                   56% (30/54)
  **Undetectable or very low (\< 615 IU/mL)**   5% (3/61)                     2% (1/54)
  **Liver status % (n/n)**                                                    
   **Chronic hepatitis**                        41% (25/61)                   33% (18/54)
   **Cirrhosis**                                59% (36/61)                   67% (36/54)
  **Comorbidities % (n/n)**                                                   
   **Overt diabetes**                           13% (8/61)                    32% (17/54)
   **Alcoholics**                               31% (18/61)                   15% (9/54)
   **ESRD**                                     5% (3/61)                     13% (7/54)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; ESRD, end-stage renal disease; HCV, hepatitis C virus; TLC, total leukocyte count

![Distribution of overt diabetes in IL-28B CC and nonCC genotypes.](JCTH-4-026-g001){#f01}

Comparison of parameters between patients with and without overt diabetes mellitus

There were no significant differences between patients with overt diabetes and those without when comparing sex, BMI, chronic alcohol use, status of liver disease, complete blood count (CBC), and HCV genotype ([Table 3](#t03){ref-type="table"}). The incidence of overt diabetes mellitus was significantly less in the IL-28B CC genotype group than the nonCC genotype group (*p* = 0.023). The median age of patients with diabetes was significantly more than patients without overt diabetes (*p* = 0.001).

###### Comparison of parameters between patients with and without overt diabetes mellitus

  Parameter                     With overt diabetes (n = 25)   Without overt diabetes (n = 90)   ***p*** value
  ----------------------------- ------------------------------ --------------------------------- ---------------
  **Age (years)**               57 (39-76)                     46 (15-75)                        0.001
  **Gender, % (n/n)**                                                                            1.000
   **Males**                    72% (18/25)                    69% (62/90)                       
   **Females**                  28% (7/25)                     31% (28/90)                       
  **BMI, kg/m^2^**              23 (17-37)                     24 (15-38)                        0.551
  **Hemoglobin (g/dl)**         11.7 (5.2-16.1)                12.0 (5.5-16.7)                   0.667
  **TLC (×10^3^/cumm)**         6.0 (2.5-13.2)                 6.0 (4.7-16.3)                    0.712
  **Platelets (×10^3^/cumm)**   130 (30-464)                   134 (33-378)                      0.699
  **Bilirubin (g/dl)**          0.9 (0.27-5.60)                1.14 (0.3-20.5)                   0.131
  **AST (IU/L)**                68 (17-259)                    76 (10-390)                       0.235
  **ALT (IU/L)**                69 (14-199)                    76 (12-393)                       0.737
  **Albumin (g/dl)**            3.8 (2.4-4.4)                  3.7 (1.9-5.0)                     0.860
  **Liver status, % (n/n)**                                                                      0.161
   **Chronic hepatitis**        24% (06/25)                    41% (37/90)                       
   **Cirrhosis**                76% (19/25)                    59% (53/90)                       
  **Chronic alcohol, %(n/n)**                                                                    0.597
   **Yes**                      28% (07/25)                    22% (20/90)                       
   **No**                       72% (18/25)                    78% (70/90)                       
  **IL-28B genotype**                                                                            0.023
   **CC**                       32% (08/25)                    59% (53/90)                       
   **Non-CC**                   68% (17/25)                    41% (37/90)                       
  **HCV genotype**                                                                               0.789
   **Genotype 1 and 4**         27% (06/22)                    25% (21/83)                       
   **Genotype 2 and 3**         73% (16/22)                    75% (62/83)                       

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index

Discussion {#s4}
==========

The rs12979860 SNP on the IL-28B gene was first identified in 2009 by Ge *et al*.[@b3] by GWAS. This SNP was the strongest host genetic predictor of sustained virological response (SVR) in hepatitis C patients. Over the last 5-6 years, a multitude of studies have been done on this IL-28B SNP and its role in the prediction of treatment response. Another SNP, rs8099917 on IL-28B, was also studied and compared with rs12979860 for its usefulness in predicting SVR in HCV.[@b11],[@b12],[@b13] Subsequently, many other SNPs have been reported in HCV infection,[@b14],[@b15] but rs12979860 remains the most widely studied.

Although initially the IL-28B SNPs were used to predict treatment response to interferon and ribavirin in HCV patients, it is possible that these SNPs may influence other nontreatment related parameters as well. The role of IL-28B in the spontaneous clearance of virus in acute HCV and HCV recurrence in post-transplant patients is well documented. People who harbor the IL-28B CC genotype are three times more likely to spontaneously clear the virus than those with the CT or TT genotype.[@b14] Similarly, liver transplant recipients with the IL-28B TT genotype exhibit more severe histologic recurrence of HCV infection.[@b16],[@b17] Lipid metabolism in HCV infected patients may also be influenced by the IL-28B genotype. As shown by Li *et al*., patients who carry the favorable CC allele had significantly higher levels of total cholesterol, apo-lipoprotein B, and low-density lipoprotein (LDL) cholesterol than those carrying the T allele.[@b18]

The association between chronic hepatitis C infection and increased incidence of diabetes mellitus has been observed in comparison to other causes of liver disease.[@b19] In those patients with both hepatitis C and diabetes, there is rapid progression of fibrosis, early decompensation, and even an increase in the incidence of HCC.[@b5],[@b6] The mechanisms underlying HCV related increases in insulin resistance and diabetes mellitus are not well understood. Studies have shown that HCV proteins may directly induce insulin resistance by impairing the insulin signaling pathway through several possible effectors, such as suppressor of cytokine signaling (SOC) and mammalian target of rapamycin.[@b20],[@b21]

In our study, 22% of HCV patients had overt diabetes mellitus. When comparing IL-28B CC genotype and nonCC genotype in relation to different variables, we found that the frequency of overt diabetes mellitus was significantly different between these groups. We observed that patients with the nonCC genotype had a statistically higher frequency of overt diabetes mellitus than those with the CC genotype (*p* \< 0.001). The median age of overt diabetics was also significantly higher than patients without overt diabetes. We also compared variables between patients with and without diabetes. There were no differences in BMI, status of liver disease, alcohol, and genotype between diabetic and non-diabetic patients, but there was a different in IL-28B genotype.

Our results are similar to those of Stattermayer *et al*.,[@b10] who in 2012 published that the IL-28B SNP rs12979860 nonCC genotype was an independent risk factor for insulin resistance. Compared to CC homozygotes, T allele carriers had a higher frequency of insulin resistance irrespective of the degree of fibrosis or steatosis. In another recent study by Kanwal *et al*.[@b22] on SNP rs12980275 of IL-28B, the investigators found that favorable AA IL-28B alleles have a lower prevalence of diabetes and related complications compared with patients with unfavorable alleles.

The specific mechanism by which IL-28B SNP genetic variations cause insulin resistance and diabetes are poorly understood. It has been suggested that unfavorable genotypes (TT or CT) may manifest higher interferon gene intensity. Interferon further suppresses insulin signaling via expression of SOCS-1 and SOCS-3,[@b23] which cause insulin resistance through inhibition of tyrosine phosphorylation of insulin receptor substrate proteins by discrete mechanisms.[@b24] Thus, a mechanistic link between IL-28B unfavorable genotypes (CT and TT) and insulin resistance can be postulated. But the impact of the IL-28B genotype on insulin resistance may be even more complex. Studies have found a strong relationship between corticosteroid binding globulin (CBG) peptides and the IL-28B genotype. CC carriers had lower CBG than T allele carriers. These observations suggest that the biological consequences of IL-28B may be unrelated to its effects on response to interferon-based therapy regulating metabolic pathways.[@b10],[@b25]

There are, however, some limitations to our study. First, ours was a retrospective analysis, and we did not have adequate data to determine exactly whether diabetes was pre-existing or occurred after patients acquired HCV infection, as most patients with diabetes and HCV remain undiagnosed for years before they are diagnosed. Second, we did not have data of serum lipid levels, which may be influenced by IL-28B status. Third, homeostasis model assessment of insulin resistance (HOMA-IR), which is an important measure of insulin resistance, was not measured in our patients. However, we believe that our findings are still relevant, as development of diabetes mellitus is the most important reflection of ongoing insulin resistance. Fourth, a subset of subclinical diabetes mellitus may have gone undetected since we did not perform an oral glucose tolerance test (OGTT). It is currently known that almost 30% of patients with chronic liver disease without overt diabetes may test positive for diabetes on OGTT.[@b26] Hence, we have labeled patients with diabetes in this study as having 'overt' diabetes. Fifth, since this is a retrospective study and we did not have exact records of time of onset of diabetes mellitus in relation to time of onset of liver injury, we were not able to classify diabetes as hereditary or hepatogenous.

To date, data are scarce in the literature on this important association between IL-28B and diabetes mellitus; further, large scale prospective studies are needed to validate our preliminary observations. IL-28B genotype information may improve the ability to counsel patients regarding their individualized risk of diabetes and diabetes-related complications and increased risk of cirrhosis and decompensation.

In conclusion, we found in HCV patients that the IL-28B SNP rs12979860 nonCC genotype was associated with a higher risk of overt diabetes mellitus. This association indicates that new genetic pathways may contribute to the occurrence of diabetes in HCV patients. Testing for IL-28B genotype was used clinically to predict treatment response with pegylated-interferon and ribavirin, but with the availability of new direct acting antivirals (DAAs), the utility of IL-28B had markedly diminished. However, given its role in predicting risk of diabetes in HCV patients, IL-28B genotype testing may be useful in patients with HCV.
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